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Description
Technical Field

[0001] This invention concerns a method and system
for automatically determining heart rate. The invention
can be applied to determining the heart of any animal
including humans.

Background Art

[0002] Vibration of the heart valves generates heart
sounds. The valves are forced into vibration at the in-
stants of the valves’ closure, caused by abrupt increase
of the blood pressure gradient. A first heart sound (S1)
is generated at the end of diastole, while a second heart
sound (S2) is produced at the end of the systole. The
sounds are transmitted through the body and can be
heard on the body surface by use of the stethoscope, or
be recorded using a sound transducer. Although heart
sounds have been recorded in the past, they have not
been used to automatically determine heartrate. The ma-
jor problem being that for each heart beat there are four
sounds generated by valve closure, typically grouped in
pairs.

[0003] US 4,549,551 discloses an electronic heart
sound detector in which a transducer detects the two
primary heart beats of the heart cycle to produce a signal
which is converted to a digital signal, filtered and the in-
tervals between adjacent transitions determined and
stored. The intervals are compared with previous values,
successive values added if found substantially different
and the stored or added values displayed if substantially
the same as a previous correct value.

Summary of the Invention

[0004] According to the present invention there is pro-
vided a method for automatically determining heart rate,
comprising the steps of:

sensing body sounds and transducing them to elec-
trical signals;

digitizing the electrical signals;

emphasizing the heart sound maxima (S1 and S2
signals) relative to noise by filtering, decompression
and squaring;

detecting local maxima in the signals as likely S1
signals by differentiating the signal and dividing the
signal into intervals, taking the maximum with the
greatest amplitude for each interval and selecting
that maximum to be a likely S1 wherein, if there is
another maximum following in a suitable time win-
dow after the likely S1 in the same interval, selecting
that maximum as a likely S2;

characterised by, once a string of likely S1’sand S2’s
have been selected, constructing four histograms,
namely histograms of the "S1 amplitudes", the "S2
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amplitudes”, the "S1 to S1 intervals" and the "S1 to
S2 intervals";

generating a threshold amplitude for the likely S1’s,
using the constructed "S1 amplitudes" histogram;
selecting maxima that exceed the threshold as sur-
viving likely candidate S1 signals;

screening the surviving candidate S1 against phys-
iologically derived criteria; and

calculating the heart rate from the screened S1.

[0005] The digitizing involves the conventional sam-
pling process to produce a string of digital words, one
word for each sample.

[0006] The filtering may be performed using a first low
pass filter having a cutoff at 60 Hz.

[0007] Further filtering may be performed after the de-
compression and squaring by a further low pass filter
realised as a moving average FIR filter, and triangular
weighting may be used instead of an equal weighting
function.

[0008] Probable S1’s and S2’s may be selected from
those parts of the signal detected to be around maxi-
mums.

[0009] The derivative may be calculated as the first
order difference, with the signal at every point being sub-
tracted from the signal delayed by one sample. The time
window may be between 160 ms and 400 ms.

[0010] Any amplitude bin, or bins, on the "S1 ampli-
tudes" histogram that show occurrence with a frequency
greater than a physiologically derived upper limit, or
threshold, are identified, then, all the amplitude bins are
discarded except those that have an amplitude greater
than the amplitude of the bin(s) that have been identified.
[0011] Once the likely S1's have been reduced the
S2’s are reduced to include only those detected in a pre-
determined time window after the surviving likely S1’s.
Then the histograms are updated to include only the sur-
viving likely candidate S1’s and S2’s.

[0012] The surviving likely candidate S1's and S2’s
may then be tested against the following criteria:

If a candidate S1 is wider than 250 ms at 80% of its
peak value, or wider than 350 ms at 50% of its peak
value, it is rejected.

[0013] If other S1’s are not found within an expected
time window or amplitude window on both sides of a can-
didate S1, itis rejected. The time window may be derived
from the histogram of "S1 to S1 intervals". The amplitude
window may be derived from the histogram of "S1 am-
plitudes".

[0014] If the time since the preceding candidate S1 is
less than the time until the next S1, the current candidate
is presumed to be an S2, and it is rejected.

[0015] If the time since the preceding candidate S1 is
less than the largest S1 to S2 interval, seen from the
histogram of "S1 to S2 intervals", the current candidate
is presumed to be S2, and it is rejected.
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[0016] If the ratio of the amplitude of a candidate S1’s
to the amplitude of its S2’s is smaller or bigger than an
expected window, the candidate is rejected.

[0017] In another aspect the invention is a system for
determining heart rate, comprising:

an array of sensors to pick up the sounds and trans-
form them to electrical signals;

a computer to digitize the signals and process them
to detect S1 and S2.

wherein the processing may comprise:

emphasizing the heart sound maxima (S1 and
S2 signals) relative to noise by filtering, decom-
pression and squaring;

detecting local maxima in the signals as likely
S1 signals by differentiating the signal and di-
viding the signal into intervals, taking the maxi-
mum with the greatest amplitude for each inter-
val and selecting that maximum to be a likely S1
wherein, if there is another maximum following
in a suitable time window after the likely S1 in
the same interval, selecting that maximum as a
likely S2;

characterised by, once a string of likely S1’s and
S2’s have been selected, constructing four his-
tograms, namely histograms of the "S1 ampli-
tudes", the "S2 amplitudes", the "S1 to S1 inter-
vals" and the "S1 to S2 intervals";

generating a threshold amplitude for the likely
S1’s, using the constructed "S1 amplitudes" his-
togram;

selecting maxima that exceed the threshold as
surviving likely candidate S1 signals;
screening the surviving candidate S1 against
physiologically derived criteria; and

calculating the heart rate from the screened S1.

Brief Description of the Drawings

[0018] An example of the invention will now be de-
scribed with reference to the accompanying drawings, in
which:

Fig. 1 is a diagram showing a typical cycle of heart
sound.

Fig. 2 is a schematic diagram of a system for moni-
toring heart rate.

Fig. 3 is a flow chart of a method for monitoring heart
rate.

Fig. 4 is a graph of a filtered, decompressed and
squared signal.

Fig. 5 is a histogram of S1 amplitudes.

Fig. 6 is a histogram of S1 amplitudes that exceed
a threshold.

Fig. 7 is a graph of the signals showing an S1 with
another S1 before and after it, in respective ampli-
tude and time windows.
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Fig. 8 is the graph of Fig. 7 showing the times be-
tween successive S1 events.

Best Modes of the Invention

[0019] Referring first to Fig. 1 a typical cycle of heart
sound 1 is seen to comprise afirstheart sound (S1) which
is generated at the end of diastole, and a second heart
sound (S2) which is produced at the end of the systole.
[0020] Referring now to Fig. 2 an array of sensors 20
are arranged in the mattress 21 of a bed 22. The sensors
20 pick up the sounds and transduce them to electrical
signals. The signals are passed to a computer 23, via
cables 24, where they are sampled, digitized and proc-
essed by a computer program.

[0021] Refer nowto Fig. 3. The program then performs
an algorithm 30 to detect the S1 and S2 in the signals.
Once these are detected the heart rate can be calculated.
The algorithm can be divided into two phases: preproc-
essing 40 and detection 50.

Pre-processing phase 40:

[0022] The purpose of this phase is to emphasise the
S1 and S2 parts of the signal relative to the noise.
[0023] The signal is first low pass filtered 41 with a
cutoff frequency (-3dB) at 60 Hz, to attenuate high fre-
quency noise.

[0024] The signal is then decompressed and then
squared 42, in order to increase the amplitude difference.
[0025] The signal is then differentiated 43. The deriv-
ative is calculated as the first order difference between
each sample, that is, the signal at every point is subtract-
ed from the signal delayed by one sample.

[0026] Further low pass filtering 44 then attenuates the
residual noise. This low pass filter is realised as a moving
average FIR filter, and triangular weighting length of 180
is used instead of an equal weighting function.

[0027] The purpose of this phase is to emphasize the
maxima in the signal relative to the noise. The resulting
maxima at this point have characteristic accentuated
shapes.

[0028] The signal is then compressed 45 and differen-
tiated again 46.

[0029] The detection phase 50 consists of several
parts:

i. Detecting local maxima 51:

[0030] The mathematical characteristic of a maximum
is that the first derivative changes in sign from positive
to negative, and the second derivative is zero. The algo-
rithm 30 selects as likely S1’s and S2’s only a number of
samples of the signal around a maxima.

[0031] A first likely S1 52 is selected at time to to be
the maximum of greatest amplitude in a predetermined
spread 53 of 160ms.

[0032] If another maximum 54 is detected within a pre-
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determined time window 55 (160 to 450ms) after the S1,
then it 54 is selected to be likely S2.

[0033] The next likely S1 is then selected to be the
maximum of greatest amplitude in the next predeter-
mined interval 56, and then the next likely S2 may then
be selected. This is illustrated in Fig. 4.

[0034] Once some likely S1 and S2 are selected, their
amplitudes are measured, and so are the "S1 to S1 time
intervals" and the "S1 to S2 time intervals". These meas-
urements are used to build four histograms, namely his-
tograms of the "S1 amplitudes", the "S2 amplitudes", the
"S1 to S1 intervals" and the "S1 to S2 intervals". These
histograms are used to generate detection criteria for use
in subsequent iterations.

[0035] For example, in Fig. 5 a histogram of S1 ampli-
tudes has S1 52 occurring in the bin indicated.

ii. Amplitude thresholding, 57

[0036] For the amplitude histograms there will gener-
ally always be the same number of bins; in the example
shown in Fig. 5 there are five bins, A1, A2, A3, A4 and
A5. The bin width (the resolution of the histogram) is cal-
culated from the dynamic range of the signal, so where
there is greater range the bins will be wider. The frequen-
cy 'f of the occurrence of the maxima is given by the
number of occurrences in each predetermined epoch of
time, for example 30 secs.

[0037] There is an upper limit possible for the heart
rate of any particular subject, so any likely S1 that occurs
with a frequency greater than that upper limit f;, can be
discarded. The likely S1's are then reduced to include
only those in the bins that have an amplitude greater than
the amplitude of the bin(s) that exceed the threshold. In
the example shown in Fig. 5, bin A3 has a frequency
greater than f;, so A3 is the amplitude threshold, and
bins A1, A2 and A3 are discarded. Likely S1 52 remains
a surviving likely candidate.

[0038] Once the likely S1’s have been reduced, the
S2’s are reduced accordingly.

[0039] The histograms are updated to include only the
surviving likely candidates, as shown in Fig. 6.

iii. Screening criteria

[0040] The above selection and thresholding provide
necessary but not sufficient criteria for the unique iden-
tification of the S1 and S2. Further refinement is neces-
sary. The following criteria have been developed from
physiology and empirical investigation of the signals.
[0041] Signal width criteria, 58.

[0042] The width of the S1 at 80% and 50% of its peak
has been determined from a number of studies. Itis found
that the width of the S1 is within 250 ms and 350 ms at
80% and 50% respectively. At any maximum, if the width
of the signal is wider than this, the maximum is rejected
as an S1; as shown in Fig. 1.

[0043] Requiring the existence of likely S1’s on both

10

15

20

25

30

35

40

45

50

55

sides of a new candidate S1, 59.

[0044] I[f likely S1’s are not found in the expected time
and amplitude windows on both sides of a new candidate
S1, such as 52, that candidate S1 52 is rejected.
[0045] The algorithm searches the time windows be-
fore 60 and after 61 the possible S1, and an amplitude
window 62 around the possible S1, as shown in Fig. 7.
The time window (minimum and maximum intervals) and
amplitude window (minimum and maximum) are deter-
mined from historically detected S1 events. This is done
using the histograms of the "S1 to S1 intervals" and "S
amplitudes”.

[0046] Preventing S2’s being detected as S1’s, 65.
[0047] If a maximum is detected within a time t; which
is less than the time t, to the next S1, that is if t; is less
than t, as shown in Fig. 8, the maximum is presumed to
be S2 and is discarded.

[0048] Also, using the "S1 to S2" intervals histogram,
if a maximum is detected within a time t, less than the
largest S1 to S2 intervals, the maximum is presumed to
be S2 and is discarded.

[0049] The S1/S2 amplitude ratio 70.

[0050] Using the histograms of the "S1 amplitudes”,
and the "S2 amplitudes", a window of the smallest and
largest amplitude ratios is constructed. The ratio of the
amplitudes of a likely S1 and its S2 is checked against
the window, and if the ratio is outside the window the
maximum is rejected.

[0051] If a maxima satisfies all these criteria, the S1
and S2 heart signals are presumed detected. The time
intervals "S1 to S1,"S1 to S2"as well as the "S1
amplitude" and "S2 amplitude" are measured, and the
histograms are updated 75.

[0052] Once S1and S2 are detected they are used to
calculate the heart rate.

Claims

1. A method for automatically determining heart rate,
comprising the steps of:

sensing body sounds and transducing them to
electrical signals;

digitizing the electrical signals;

emphasizing the heart sound maxima (S1 and
S2 signals) relative to noise by filtering (41), de-
compression and squaring (42);

detecting local maxima (51) in the signals as
likely S1 signals by differentiating the signal (43,
46) and dividing the signal into intervals, taking
the maximum with the greatest amplitude for
each interval and selecting that maximum to be
a likely S1 wherein, if there is another maximum
followingin a suitable time window after the likely
S1in the same interval, selecting that maximum
as a likely S2;

characterised by, once a string of likely S1’s
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and S2’s have been selected, constructing four
histograms, namely histograms of the "S1 am-
plitudes”, the "S2 amplitudes”, the "S1 to S1 in-
tervals" and the "S1 to S2 intervals";
generating a threshold amplitude (57) for the
likely S1’s, using the constructed "S1 ampli-
tudes" histogram;

selecting maxima that exceed the threshold as
surviving likely candidate S1 signals;
screening the surviving candidate S1 against
physiologically derived criteria; and

calculating the heart rate from the screened S1.

A method according to claim 1, wherein the filtering
is performed using a first low pass filter having a
cutoff at 60 Hz.

A method according to claim 1 or claim 2, wherein
further filtering is performed after the decompression
and squaring by a further low pass filter realised as
a moving average FIR filter using triangular weight-

ing.

A method according to claim 1, wherein probable
S1’s and S2’s are selected from those parts of the
signal detected to be around maxima.

A method according to any one of claims 1 to 4,
wherein the derivative is calculated as the first order
difference.

A method according to any one of claims 1, to 5
wherein the time window is between 160 ms and 400
ms.

A method according to any one of claims 1 to 6,
wherein any amplitude bin, or bins, on the "S1 am-
plitudes" histogram that show occurrence with a fre-
quency greater than a physiologically derived upper
limit, or threshold, are identified, and then, all the
amplitude bins are discarded except those that have
an amplitude greater than the amplitude of the bin
(s) that have been identified.

A method according to claim 7, wherein once the
likely S1’s have been reduced the S2’s are reduced
to include only those detected in a predetermined
time window after the surviving likely S1’s, and then
the histograms are updated to include only the sur-
viving likely candidate S1’s and S2’s.

A method according to claim 8, wherein likely can-
didate S1’s and S2’s are tested against the following
criteria:

if a candidate S1 is wider than 250 ms at 80%
of its peak value, or wider than 350 ms at 50%
of its peak value, it is rejected.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

A method according to any one of claims 8 to 9,
wherein likely candidate S1’s and S2’s are tested
against the following criteria:

if other S1’s are not found within an expected
time window or amplitude window on both sides
of a candidate S1, it is rejected.

A method according to claim 10, wherein the time
window is derived from the histogram of "S1 to S1
intervals".

A method according to claim 10 or 11, wherein the
amplitude window is derived from the histogram of
"S1 amplitudes".

A method according to any one of claims 8 to 12,
wherein likely candidate S1’s and S2’s are tested
against the following criteria:

if the time since the preceding candidate S1 is
less than the time until the next S1, the current
candidate is presumed to be an S2, and it is
rejected.

A method according to any one of claims 8 to 13,
wherein likely candidate S1’s and S2’s are tested
against the following criteria:

if the time since the preceding candidate S1 is
less than the largest S1 to S2 interval, seen from
the histogram of "S1 to S2 intervals", the current
candidate is presumed to be S2, and it is reject-
ed.

A method according to any one of claims 8 to 14,
wherein likely candidate S1’s and S2’s are tested
against the following criteria:

if the ratio of the amplitude of a candidate S1’s
to the amplitude of its S2’s is smaller or bigger
than an expected window, the candidate is re-
jected.

A system for determining heart rate, comprising:

an array of sensors (20) to pick up the sounds
and transform them to electrical signals, and a
computer (23) to digitize the signals and process
them to detect S1 and S2, wherein the process-
ing is according to the method of any one of
claims 1to 15

A system according to claim 16, further comprising
a first low pass filter having a cutoff at 60 Hz to per-

form the filtering.

A system according to claim 17, further comprising
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a low pass filter realised as a moving average FIR
filter using triangular weighting, to perform further
filtering after the decompression and squaring.

Patentanspriiche

Verfahren zur automatischen Bestimmung der Herz-
frequenz, welches die folgenden Schritte beinhaltet :

Erfassen von Koérpertdonen und deren Umfor-
mung in elektrische Signale;

Digitalisierung der elektrischen Signale;
Hervorheben der Herztonmaxima (Signale S1
und S2) relativ zum Rauschen durch Filterung
(41), Dekomprimieren und Quadrieren (42);
Detektieren der lokalen Maxima (51) in den Si-
gnalen als wahrscheinliche Signale S1, indem
das Signal differenziert wird (43, 46) und das
Signal in Intervalle aufgeteilt wird, wobei das
Maximum mit der gréRten Amplitude fiir jedes
Intervall genommen wird und dieses Maximum
als wahrscheinliches S1 gewahlt wird, wobei,
wenn ein anderes Maximum in einem geeigne-
ten Zeitfenster nach dem wahrscheinlichem S1
im selben Intervall folgt, dieses Maximum als
wahrscheinliches S2 gewahlt wird;
gekennzeichnet durch, wenn eine Folge von
wahrscheinlichen S1 und S2 ausgewahlt wurde,
Erstellen von vier Histogramme, und zwar Hi-
stogramme der "S1 Amplituden", der "S2 Am-
plituden", der "S1 zu S1 Intervalle" und der "S1
zu S2 Intervalle";

Erzeugen eines Amplitudenschwellwerts (57)
fur die wahrscheinlichen S1 unter Verwendung
des erzeugten Histogramms "S1 Amplituden";
Auswahlen von Maxima, die den Schwellwert
als verbleibende wahrscheinliche Kandidaten
fir S1 Signale Uberschreiten;

Uberpriifung des verbliebenen Kandidaten fiir
S1 Uber physiologisch abgeleitete Kriterien; und
Berechnung der Herzfrequenz aus dem Uber-
priften S1.

Verfahren nach Anspruch 1, wobei die Filterung
durchgefiihrt wird mit einem ersten Tiefpassfilter,
das eine Grenzfrequenz von 60 Hz hat.

Verfahren nach Anspruch 1 oder Anspruch 2, wobei
eine weitere Filterung nach Dekomprimierung und
Quadrieren durchgefiihrt wird durch ein weiteres
Tiefpassfilter, das als FIR-Filter mit gleitendem Mit-
telwert ausgefiihrt ist, das eine Dreiecksgewichtung
verwendet.

Verfahren nach Anspruch 1, wobei wahrscheinliche
S1und S2 aus solchen Signalteilen gewahlt werden,
die als in der Nahe von Maxima liegend detektiert
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10.

11.

12.

13.

werden.

Verfahren nach einem der Anspriiche 1 bis 4, wobei
die Ableitung als Differenz erster Ordnung berechnet
wird.

Verfahren nach einem der Anspriiche 1 bis 5, wobei
das Zeitfenster zwischen 160 ms und 400 ms be-
tragt.

Verfahren nach einem der Anspriiche 1 bis 6, wobei
etwaiges Amplitudenbin oder etwaige Amplituden-
bins des Histogramms "S1 Amplituden”, die miteiner
Frequenz auftreten, die groRer ist als eine physiolo-
gisch abgeleitete obere Grenze oder Schwellwert,
identifiziert werden und dann alle Amplitudenbins
verworfen werden aulRer denen, die eine Amplitude
haben, die groRer ist als die Amplitude des(der) Bin
(s), das(die) identifiziert wurde(n).

Verfahren nach Anspruch 7, wobei nachdem die
wahrscheinlichen S1 verringert wurden, die S2 ver-
ringert werden, um nur diejenigen aufzunehmen, die
in einem vorbestimmten Zeitfenster nach den ver-
bleibenden wahrscheinlichen S1 detektiert werden,
und dann werden die Histogramme aktualisiert, um
nur die verbleibenden wahrscheinlichen S1 und S2
Kandidaten aufzunehmen.

Verfahren nach Anspruch 8, wobei wahrscheinliche
S1 und S2 Kandidaten auf folgende Kriterien geprift
werden:

wenn ein S1 Kandidat breiter als 250 ms bei 80
% seines Maximalwerts ist oder breiter als 350
ms bei 50 % seines Maximalwerts, wird er ver-
worfen.

Verfahren nach Anspruch 8 oder 9, wobei wahr-
scheinliche S1 und S2 Kandidaten auf folgende Kri-
terien gepruft werden:

wenn andere S1 nicht in einem erwarteten Zeit-
fenster oder Amplitudenfenster auf beiden Sei-
ten eines S1 Kandidaten gefunden werden, wird
er verworfen.

Verfahren nach Anspruch 10, wobei das Zeitfenster
vom Histogramm "S1 zu S1 Intervalle" abgeleitet
wird.

Verfahren nach Anspruch 10 oder 11, wobeidas Am-
plitudenfenster vom Histogramm "S1 Amplituden”
abgeleitet wird.

Verfahren nach einemder Anspriiche 8 bis 12, wobei
wahrscheinliche S1 und S2 Kandidaten auf folgende
Kriterien gepruft werden:
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wenn die Zeit seit dem vorigen S1 Kandidaten
kirzer ist als die Zeit bis zum nachsten S1, wird
angenommen, dass der aktuelle Kandidat ein
S2 ist und er wird verworfen.

Verfahren nach einemder Anspriiche 8 bis 13, wobei
wahrscheinliche S1 und S2 Kandidaten auf folgende
Kriterien geprift werden:

wenn die Zeit seit dem vorigen S1 Kandidaten
klrzer ist als das langste S1 bis S2 Intervall, wie
aus dem Histogramm "S1 bis S2 Intervalle" ent-
nommen, wird angenommen, dass der aktuelle
Kandidat ein S2 ist und er wird verworfen.

Verfahren nach einem der Anspriiche 8 bis 14, wobei
wahrscheinliche S1 und S2 Kandidaten auf folgende
Kriterien geprift werden:

wenn das Amplitudenverhalinis der S1 eines
Kandidaten zu seinen S2 kleiner oder gréRer ist
als ein erwartetes Fenster, wird der Kandidat
verworfen.

System zur Bestimmung der Herzfrequenz, welches
beinhaltet:

eine Anordnung von Sensoren (20), um die T6-
ne aufzunehmen und in elektrische Signale um-
zuwandeln; und einen Computer (23), um die
Signale zu digitalisieren und zu verarbeiten, um
S1 und S2 zu detektieren, wobei die Verarbei-
tung entsprechend dem Verfahren nach einem
der Anspriiche 1 bis 15 erfolgt.

System nach Anspruch 16, welches weiterhin ein
erster Tiefpassfilter mit einer Grenzfrequenz von 60
Hz beinhaltet, um die Filterung durchzufihren.

System nach Anspruch 17, welches weiterhin ein
Tiefpassfilter beinhaltet, das als FIR-Filter mit glei-
tendem Mittelwert ausgefiihrt ist, das eine Dreiecks-
gewichtung verwendet, um eine weitere Filterung
nach der Dekomprimierung und dem Quadrieren
durchzufiihren.

Revendications

1.

Procédé pour déterminer automatiquement la fré-
quence cardiaque, comprenant les étapes consis-
tanta:

détecter des sons du corps et les transduire en
signaux électriques ;

numériser les signaux électriques ;

accentuer les maximums des sons du coeur (si-
gnaux S1 et S2) relativement au bruit par filtrage
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(41), décompression et transformation en onde
carrée (42) ;

détecter les maximums locaux (51) dans les si-
gnaux comme étant des signaux S1 probables
en différenciant le signal (43, 46) et en divisant
le signal en intervalles, en prenant le maximum
ayant la plus grande amplitude pour chaque in-
tervalle et en sélectionnant ce maximum comme
étantun S1 probable danslequel, s’ilyaun autre
maximum qui suit dans une fenétre temporelle
adéquate aprés le S1 probable dans le méme
intervalle, sélectionner ce maximum comme
étant un S2 probable ;

caractérisé par, une fois qu’'une chaine de S1
et S2 probables ont été sélectionnés, les étapes
consistant a construire quatre histogrammes, a
savoir des histogrammes des « amplitudes
S1 », des « amplitudes S2 », des « intervalles
S1a S1» etdes intervalles « S1 a S2»;
générer une amplitude de seuil (57) pour les S1
probables en utilisant I'histogramme
« amplitudes S1 » construit ;

sélectionner les maximums qui dépassent le
seuil en tant que signaux S1 candidats proba-
bles survivants ;

examiner le S1 candidat survivant par rapport a
des criteres dérivés physiologiquement ; et
calculer la fréquence cardiaque a partir du S1
examiné.

Procédé selon la revendication 1, dans lequel le fil-
trage estexécuté au moyen d’un premier filtre passe-
bas ayant une coupure a 60 Hz.

Procédé selon la revendication 1 ou la revendication
2, dans lequel un filtrage complémentaire est réalisé
apres ladécompression et la transformation en onde
carrée par un filtre passe-bas complémentaire sous
la forme d’un filtre a réponse impulsionnelle finie a
moyenne mobile utilisant une pondération triangu-
laire.

Procédé selon la revendication 1, dans lequel les S1
et S2 probables sont sélectionnés a partir des parties
du signal détectées comme étant proches des maxi-
mums.

Procédé selon I'une quelconque des revendications
1 a 4, dans lequel la dérivée est calculée comme
étant la différence de premier ordre.

Procédé selon I'une quelconque des revendications
1a5, dans lequel la fenétre temporelle est comprise
entre 160 et 400 ms.

Procéde selon I'une quelconque des revendications
1 a6, dans lequel toute cellule ou toutes les cellules
d’amplitude sur I'histogramme « amplitudes S1 » af-



10.

1.

12,

13.

14.

13

fichant une occurrence avec une fréquence supé-
rieure a un plafond ou un seuil dérivé physiologique-
ment sont identifiées, a la suite de quoi toutes les
cellules d’amplitude sont rejetées a I'exception de
celles qui ont une amplitude plus grande que I'am-
plitude de la cellule ou des cellules qui ont été iden-
tifiées.

Procédé selon la revendication 7, dans lequel une
fois que les S1 probables ont été réduits, les S2 sont
réduits pour inclure uniquement ceux détectés dans
une fenétre temporelle prédéterminée aprés les S1
probables survivants, a la suite de quoi les histo-
grammes sont mis a jour pour inclure uniquement
les S1 et S2 candidats probables survivants.

Procédé selon la revendication 8, dans lequel les S1
et S2 candidats probables sont testés en regard des
critéres suivants :

si un S1 candidat est plus large que 250 ms a
80 % de son pic de valeur, ou plus large que
350 ms a50 % de son picde valeur, il serarejeté.

Procédé selon I'une quelconque des revendications
8 a9, dans lequel les S1 et S2 candidats probables
sont testés en regard des critéres suivants :

si d'autres S1 ne sont pas détectés dans une
fenétre temporelle ou une fenétre d’amplitude
attendue de part et d’autre d’'un S1 candidat, il
sera rejeté.

Procédé selon la revendication 10, dans lequel la
fenétre temporelle est dérivée de I'histogramme
« intervalles S1 a S1 ».

Procédé selon larevendication 10 ou 11, dans lequel
la fenétre d’amplitude est dérivée de I'histogramme
« amplitudes S1 ».

Procédé selon I'une quelconque des revendications
8a12, danslequel les S1 et S2 candidats probables
sont testés en regard des critéres suivants :

si la durée depuis le S1 candidat précédent est
inférieure aladurée jusqu’au S1 suivant, on sup-
posera que le candidat actuel est un S2, et il
sera rejeté.

Procédé selon I'une quelconque des revendications
8 a 13, dans lequel les S1 et S2 candidats probables
sont testés en regard des critéres suivants :

si la durée depuis le S1 candidat précédent est
inférieure a lintervalle S1 a S2 le plus grand,
observée a partir de I'histogramme « intervalles
S1a S2 », on supposera que le candidat actuel
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est un S2 et il sera rejeté.

Procédé selon 'une quelconque des revendications
8 a 14, dans lequel les S1 et S2 candidats probables
sont testés en regard des critéres suivants :

si le rapport entre 'amplitude des S1 d’'un can-
didat et celle de ses S2 est plus petite ou plus
grande qu’une fenétre attendue, le candidat se-
ra rejeté.

Systéme pour déterminer la fréquence cardiaque,
comprenant :

une série de capteurs (20) pour capter les sons
et les transformer en signaux électriques, et un
ordinateur (23) pour numériser les signaux et
les traiter afin de détecter S1 et S2, dans lequel
le traitement s’effectue selon le procédé de 'une
quelconque des revendications 1 a 15.

Systéme selon la revendication 16, comprenant en
outre un premier filtre passe-bas ayant une coupure
a 60 Hz pour exécuter le filtrage.

Systéme selon la revendication 17, comprenant en
outre un filtre passe-bas sous la forme d’un filtre a
réponse impulsionnelle finie 8 moyenne mobile uti-
lisant une pondération triangulaire, afin de réaliser
un filtrage complémentaire aprés la décompression
et la transformation en onde carrée.
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